I
n this world where satnavs, smartphones and even cameras can pinpoint their own locations using GPS, most youngsters probably consider the problem of finding their way around the planet as trivial. But of course this hasn't always been the case, and in the world of navigation there are lots of quaint but useful direction-finding tricks. Here we look at one based on astronomy to see how good it really is: the wristwatch compass method taught to generations of Boy Scouts.
Standing at the North Pole in summer can be likened to standing on a giant clock face with the direction of the Sun acting as an hour hand on a 24-hour clock. Scouts and others were taught to imagine this 24-hour polar Sun clock and then reverse it and, using their own watch to give them the time, they could measure the Sun's position to help find the prime local meridian -i.e. south. The prime local meridian crosses the horizon due south of your location and so it is easy to work out north, east and west as well. Did this work and, if not, where did it go wrong?
If you stand at the North Pole with the Sun tracing out the hours of a 24-hour clock, the clock face is made up of the imaginary meridian lines on the surface of the Earth (figure 2). When the Sun crosses the Greenwich Meridian you have a marker for midday Universal Time. Similarly, the Sun crossing each meridian marks midday for that time zone. Once you have the midday marked you can count the hours to get the time on your 24-hour clock face as the Earth spins. You also have direction (although not at the North Pole because every direction is south); standing on the meridian, the Sun is in the south at midday for that meridian.
As we move away from the pole along a meridian, the polar clock face method can be reversed to give direction using the Sun's position, the hour hand on your watch and the markings of the watch face. How does this work, what astronomy underpins this method and, more seriously, what are its limitations as you move over the surface of the Earth?
The wristwatch method
Take the time from your watch and convert it into the 24-hour system. Divide the hours by two to get the number A. Hold your watch horizontally and point the A o'clock position on the watch at the Sun. Now the 12 o'clock position is pointing either to the north or to the south. If you are unsure of which is north and which south, remember that the Sun rises in the east, and sets in the west, and in the northern hemisphere is due south at noon. Or, point the hour hand of your watch at the Sun, then the direction that lies exactly midway between the hour hand and the number 12 on your watch will be south in the northern hemisphere. How does it work? We know that the interval between two sunrises is 24 hours, which is the revolution period of Earth. By convention, the local time 12 o'clock or midday is defined as the instant that the Sun is at its upper culmination. From where we stand, the path of the Sun's apparent diurnal motion on the sky, parallel to the celestial equator, appears to trace out a 24-hour clock face. In this huge "natural clock", the hour hand is the imaginary line towards the Sun. Although the apparent position of the centre of the clock face varies with dates, the 24-hour clock face is always perpendicular to the north celestial pole and the relative positions of the hours are changeless, i.e. the 12 o'clock position always lies on the local meridian. If we can find the orientation of this clock face, we know the exact direction of north. The direction of the Sun's culmination, its highest point, is the clue we need to find either north or south and hence the plane of the Sun's daily motion. A practical way is to place your watch horizontal, to compare the position of the watch's hour hand with the horizontal projection of the "natural clock". Pointing the hour hand at the Sun is the way to find the meridian, and its necessary transfer from the 12-hour system of the watch to the 24-hour system of the natural clock i.e. to divide the (24 hour) time by 2. However, Can you find south usin 
2: Watch time and other time
When finding the direction using a watch, one must know that the watch time should be converted to the local time. At noon local time the Sun passes due south and is furthest from the horizon (north of the Tropic of Cancer). As the Earth rotates around its axis, at any moment one line of longitude -the noon meridian -faces the Sun, and at that moment, it will be noon everywhere along that meridian. After 24 hours the Earth has undergone a full rotation with respect to the Sun, and the same meridian again returns to face the Sun and it is again noon. Thus each hour the Earth rotates by 360 / 24 = 15°. When, at your location, the time is noon, 15° to the east the time is 1 p. m., for that is the meridian which faced the Sun an hour ago. On the other hand, 15° to the west the time is 11 a.m., for in an hour's time that meridian will face the Sun and experience noon.
In reality the Earth goes round the Sun in an ellipse, speeding up when it is nearer the Sun and slowing down further away, and the "natural clock" of the Sun is not as precise as our watch. On most days, the time that the Sun is highest in the sky, on the upper culmination, it is not exactly 12 o'clock on our watch. The difference between the watch time and this natural Sun time is known as the "equation of time". It is in the range of about -15 to +17 minutes and affects the precision of our watch compass -but only by less than ±5°. g your watch?
1: Where is north?
The concept of north originated from the apparent movement of the celestial bodies. The visible rotation of the night sky around the visible celestial pole provides a vivid metaphor for the direction corresponding to up. In western culture, up is a metaphor for north. The notion that north should always be up and east at the right was established by the Greek astronomer Ptolemy. The historian Daniel Boorstin suggests that perhaps this was because the better-known places in his world were in the northern hemisphere, and on a flat map these were most convenient for study if they were in the upper right-hand corner. North is used (explicitly or implicitly) to define all other directions: south is the opposite of north while east and west are perpendicular to north. there is an error resulting from this procedure, as shown in figure 3.
How accurate is it?
Actually, determining direction with a watch is a rough way and is far from accurate. As shown in figure 3 , the watch is placed horizontally rather than in the plane of the "natural clock". The larger the intersection angle of the two planes, the lower the accuracy. The error is related to the geographic latitude, the Sun's declination (i.e. the date) and the time when we are looking.
Calculations
Assuming our latitude is φ, the declination of the Sun is δ, and the local time is t in hours on a 24-hour clock, ignoring the equation of time, the altitude of the Sun can be deduced from: sinh = sinφ × sinδ + cosφ × cosδ × cosAT (1) where the hour angle AT = -(12 -t) × 15 / (180 / π). The hour angle is determined from the meridian, negative for east and positive for west, and it ranges from -12h to 12h. The azimuth of the Sun (denoted as A) is defined counterclockwise from the south point and it can be obtained from: cosA = (sinh × sinφ -sinδ) / (cosh × cosφ) (2) Thus, the azimuth of 12 o'clock on the watch face can be calculated by (in radians):
if A < (12 -t / 2) × π / 6 (3) Note that the azimuth of the north point is π radians. The error between the 12-hour position indicated on the watch face and true north is: Δ = π -θ 12 radians (4) It is difficult to get an analytical solution, but a numerical solution is easily calculated. The results are sampled in figures 4 and 5.
Bypassing the detailed calculations, we may conclude that if we disregard the equation of time:
• In most cases, in the northern hemisphere, north as indicated by a watch deviates to the west before noon and to the east after noon.
• The higher the latitude, the higher the precision and nearer the equator the reverse. For example, at 9 a.m. on the equator, the errors are more than 10° for the whole year, while at 40°N, the errors are less than 10° during the half-year from autumnal equinox to spring equinox. It is interesting to remember that it was Baden Powell's experiences in Africa which inspired him to start the Boy Scout movement, but this method is hardly good for precision navigation in Africa.
• The lower the solar declination, the higher the precision. That is, in the northern hemisphere, this method works best in winter, getting less accurate in summer when most people get out into the countryside.
In the 21st century we are unlikely to use this method just as we are unlikely to use snail mail to write to friends on the other side of the world. Today finding direction with your watch and the Sun, like looking for the distribution of algae on tree trunks or even the direction of satellite TV aerials, is a quaint skill, now outdated. We have shown its limitations and destroyed any myths of precision navigation but, when the Sun shines, it is significantly better than guessing which way to go.
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